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doi:10.1016/j.jtcvs.2003.11.0301466 The Journal of Thoracic and CardObjectives: We sought to describe the hospital management and early outcome of
critically ill infants presenting with large ventricular septal defects and pneumonia
requiring mechanical ventilation at a referral center in a developing country. Infants
with large ventricular septal defects who have pneumonia might present with
respiratory failure requiring mechanical ventilation. In the developing world this
presentation is relatively common, but few data exist describing patient manage-
ment strategies.
Methods: Hospital data of consecutive infants admitted with large ventricular septal
defects and pneumonia requiring mechanical ventilation were reviewed and ana-
lyzed.
Results: We identified 18 infants (mean age, 3.6  3.0 months). On admission, all
the infants were significantly malnourished, and echocardiography showed bidirec-
tional shunting (predominantly right-to-left shunting) in 6 infants. Thirteen (72%)
patients improved with intensive medical management that included mechanical
ventilation for 1 to 16 days (median, 6.5 days); unequivocal left-to-right shunting
was subsequently documented by means of echocardiography in all 13 patients.
Twelve patients underwent surgical repair, and 11 (91.6%) were discharged after
median mechanical ventilation of 100 hours (range, 42-240 hours) and intensive
care unit stay of 8 days (range, 4-15 days). Five of 6 unoperated patients died, 4 of
them within a few hours of admission. One child with multiple ventricular septal
defects was discharged and subsequently underwent pulmonary artery banding.
Conclusion: Corrective cardiac surgery for selected critically ill infants with large
ventricular septal defects, severe malnutrition, and pneumonia requiring mechanical
ventilation is feasible and should be considered a viable management strategy.
Congenital heart defects with large left-to-right shunts commonlypresent in infancy with respiratory symptoms and poor growth.1Among the various shunt lesions that present in infancy, ventricularseptal defect (VSD) is the most common. A left-to-right shunt canadversely affect lung function,2 and superimposed lower respira-tory tract infections cause additional compromise and might lead to
respiratory failure, necessitating mechanical ventilation.3 Malnutrition and delayed
presentation in the developing world further compound disease severity.4 Once
mechanical ventilation is initiated, it is often difficult to wean and extubate these
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Dpatients without correcting their underlying cardiovascular
pathophysiology. Extubation failure with prolonged me-
chanical ventilation leads to other complications, such as
nosocomial infection, and higher mortality.5,6
The treatment approach for infants and young children
with large VSDs and pneumonia who present with respira-
tory failure requiring mechanical ventilation is not well
defined, even though this presentation is relatively common
in the developing world. Often, there is significant reluc-
tance to operate on these critically ill patients because of
concerns about additional organ dysfunction associated with
cardiopulmonary bypass (CPB).6,7 Furthermore, a transient
increase in pulmonary vascular resistance (PVR) resulting
from lung infection and impaired gas exchange might result
in right-to-left shunting, which creates uncertainty in deter-
mining the optimal timing of surgical intervention. This
report, from a large tertiary referral center in South India,
describes the hospital management and early outcome of a
consecutive series of 18 critically ill infants with large
VSDs and pneumonia requiring mechanical ventilation.
Methods
Study Design and Patient Population
We reviewed the hospital records of all consecutive infants admit-
ted to our institution between September 1998 and October 2002
with VSDs and pneumonia requiring treatment with mechanical
ventilation. Patients with associated coarctation of the aorta and
those undergoing VSD closure as a part of a more complex cardiac
procedure (eg, arterial switch or the Rastelli operation) were ex-
cluded. Infants with VSDs and associated atrial septal defects,
patent ductus arteriosus, or both were not excluded. Preoperative
lung infection was defined as the presence of at least 4 of the
following 5 findings: fever (temperature 38°C), signs of respi-
ratory distress, signs of lower respiratory tract infection on aus-
cultation (rales, bronchial breath sounds, or wheeze), total leuko-
cyte count of greater than 15,000 cells/mm3, and radiographic
evidence of lung infection. Permission for chart review was ob-
tained from the hospital’s medical records department.
Setting
The study was conducted in a tertiary care hospital with an
established pediatric cardiovascular program catering to a popula-
tion of approximately 30 million persons in the state of Kerala in
southern India.
Initial Supportive Management in the Intensive Care
Unit
All patients underwent a comprehensive clinical evaluation on
admission to the intensive care unit (ICU). Laboratory investiga-
tions included a complete blood count, erythrocyte sedimentation
rate assessment, liver and renal function tests, bacterial cultures of
blood and tracheal secretions, electrolyte measurement, arterial
blood gas analyses, electrocardiography, chest radiography, and
echocardiography. Respiratory secretions were not tested for viral
pathogens. Empiric intravenous antibiotics were selected on the
basis of the antibiotic sensitivity profiles of the most common
The Journal of Thoracicbacterial pathogens cultured from patients who were admitted to
the ICU with respiratory infections. Changes in the antibiotic
regimen were made on the basis of antibiotic sensitivity profiles.
Mechanical ventilation was instituted for one or more of the
following reasons8:
1. Increased work of breathing with impending respiratory fail-
ure;
2. heart failure not responding to maximal pharmacologic sup-
port; and
3. acute respiratory failure with significant hypercarbia, hypox-
emia, or both despite supplemental oxygen.
Evaluation of Cardiac Lesion and Operability
The diagnosis of the underlying cardiac lesion or lesions and the
decision to operate were based on clinical evaluation and echocar-
diography in most patients. If the initial echocardiogram showed
significant right-to-left color Doppler flow across the defect, serial
echocardiograms were performed to monitor the direction of shunt
flow. Typically, as pulmonary function improved with treatment,
shunting across the defect or defects became predominantly left to
right. Cardiac catheterization was performed if a sustained increase
in PVR was suspected (persistent right-to-left color Doppler flow
across the defect or persistent systemic desaturation despite evi-
dence of resolving respiratory infection).
Decision to Operate
Early in our experience, we attempted to wean the patient from
mechanical ventilation by using standard guidelines if the patient
showed clinical improvement in the first 48 hours.9 As experience
accrued, we attempted to perform corrective surgical intervention
at the earliest safe opportunity, which was determined by improv-
ing clinical and ventilatory parameters. Although we desired com-
plete resolution of respiratory infection before cardiac surgery, in
view of patient symptom severity, we considered the following
minimum requirements to be necessary to proceed with surgical
intervention:
1. absence of fever for 48 hours or longer;
2. decreasing leukocyte counts, if initially increased, and in-
creasing platelet counts, if initially reduced;
3. at least partial radiologic clearance of lung infiltrates;
4. improved arterial blood gases (PaO2 60 mm Hg and PaCO2
50 mm Hg on a fraction of inspired oxygen of 0.4 using
pressure-controlled ventilation with maximum peak inspira-
tory pressures of 30-35 mm Hg and tidal volumes of 10
mL/kg); and
5. unequivocal documentation of predominant left-to-right sys-
tolic shunting on color Doppler echocardiography.
Documentation of negative bacterial cultures and normalization
of gas exchange, although desirable, were not mandatory.
Cardiac Surgery
Twelve of 18 patients improved such that cardiac surgery with
standard surgical techniques and CPB was performed.10 Specific
modifications of our routine intraoperative methods included the
use of near-normothermic bypass, every attempt to reduce bypass
and total support times, and the use of ultrafiltration to achieve an
optimal fluid balance and to reduce pulmonary interstitial edema,
11,12myocardial edema, or both after the operation. The decision to
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Dleave the sternum open after the operation depended on hemody-
namic stability after weaning from bypass. The catheters that were
routinely placed for postoperative monitoring included an arterial,
a central venous, and a pulmonary arterial catheter.
Postoperative Care
Clinical status, hemodynamic stability, arterial blood gas results,
radiologic appearance of the lung fields, and respiratory effort
dictated the duration of mechanical ventilation. All patients were
ventilated in a pressure-regulated, volume-controlled mode. Pres-
sure-controlled ventilation and inverse ratio ventilation were used
when the pressure-regulated, volume-controlled mode did not im-
prove oxygenation. Standard guidelines for weaning and extuba-
tion were used and consistently applied.13
Worsening gas exchange immediately after extubation was
managed by means of noninvasive ventilation with a small silicone
facemask (Respironics), with a harness modified for infants. Either
a Servo 300 ventilator (Siemens) or a specialized noninvasive
ventilator (BIPAP Vision, Respironics) that delivered biphasic
positive airway pressure was used to provide continuous positive
airway pressure or pressure support ventilation.
The standard vasoactive drug in the postoperative period was
dopamine (2.5-10 g · kg1 · min1). Epinephrine (0.01-0.05 g
· kg1 · min1) was used occasionally when tissue hypoperfusion
persisted after maximum doses of dopamine.
Pulmonary hypertensive crises were managed with hyperven-
tilation to a PaCO2 of 30 to 35 mm Hg, nebulized salbutamol, and
deeper levels of sedation or anesthesia, together with muscle
relaxation. Inhaled nitric oxide and phenoxybenzamine were ad-
ministered if these initial measures were ineffective.
Antibiotic choice in the postoperative period was guided by the
same principles described previously plus blood and tracheal cul-
ture results. Antibiotics were administered for a total period of 14
days or until no further evidence of infection was apparent. Infants
with evidence of fulminant sepsis and profound leukopenia under-
went a double-volume exchange transfusion with fresh whole
blood.14 Postoperative nutrition was accomplished by means of
early initiation of calorie-dense nasogastric feeds.
Follow-up
All patients who were successfully discharged after repair were
followed up at 1 month and then at 3-month intervals.
Statistical Analysis
We sought to compare the hospital course of the 12 ventilated
infants with VSDs and pneumonia who underwent repair with that
a similar group of infants undergoing elective VSD closure at our
institution during the study period. This control group of 12 infants
who were not ventilated before surgical intervention was selected
from our surgical database. The surgical database was sorted for
age and body weight, and control subjects were randomly selected
from 3 age categories (1-3 months, 3 months and 6 months,
and 6-12 months) that matched the study population. Continuous
demographic, operative, and postoperative variables were com-
pared between the 2 groups by using the 2-sample t test or the
Wilcoxon rank sum test, as appropriate. The Fisher exact test was
used for categoric variables.
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Study Population
During the study period, 18 infants were admitted with VSD
and pneumonia requiring mechanical ventilation. The mean
z score for weight of these 18 infants was 3.02  1.34 on
the basis of National Center for Health Statistics standards;
9 infants had z scores of less than 3.00.15
Resuscitation and Stabilization in the ICU
Four patients who had an acute respiratory arrest and one
patient with presumed hypoxic seizures required tracheal
intubation on admission, whereas 12 others were intubated
for mechanical ventilation because of deteriorating arterial
blood gases or impending respiratory failure. One patient
was intubated and mechanically ventilated at a referring
hospital. All 18 patients had clinical and radiologic evi-
dence of significant respiratory infection.
Preoperative Hemodynamics
All patients had unrestrictive VSDs with severe pulmonary
hypertension. Six patients had bidirectional shunting (pre-
dominant right-to-left shunting) at presentation. In all of
these patients, serial color Doppler echocardiographic stud-
ies showed that the shunt became predominantly left to right
after the respiratory infection improved. One patient under-
went cardiac catheterization for determination of PVR and
candidacy for correction (Table 1, patient 7); this patient
subsequently underwent surgical repair.
Management with mechanical ventilation and intrave-
nous antibiotics resulted in clinical improvement in 13 of 18
patients such that cardiac surgery was performed in 12 after
a median of 6.5 days of ventilatory support (range, 1-16
days). In these patients the mean PaO2 improved from 63.9
 24.7 mm Hg on admission to 99.6  24.2 mm Hg before
repair, whereas the mean PaCO2 improved from 64.5  15.6
mm Hg to 42.7  8.4 mm Hg. The mean total white blood
cell count decreased from 19,000 7800/mm3 at admission
to 11,600  4100/mm3. All had improvement in the lung
fields on chest radiography, although complete resolution of
pneumonia occurred in only one patient.
Surgical Repair and Postoperative Course
The 12 patients who underwent VSD closure during the
study period represented 5% of all infants undergoing VSD
closure at our institution (n  234) during the study period.
The mean CPB time was 101  32 minutes, and the mean
aortic crossclamp time was 54  18 minutes.
There was one death after surgical intervention. The
patient was a 2-month-old infant weighing 2.5 kg (Table 1,
patient 8) who died from severe low cardiac output 3 hours
after the operation. Low cardiac output was possibly related
to a long intraoperative support time required to close
multiple VSDs (CPB time of 148 minutes and crossclamp
time of 78 minutes, the longest among all patients).
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erative ventilation was 100 hours (range, 42-240 hours).
Three patients required reintubation. Nine patients received
noninvasive ventilatory support for a mean of 26  6 hours
after extubation. The median ICU stay was 8 days (range,
4-15 days). Six patients had positive postoperative bacterial
cultures with the same organisms that were cultured preop-
eratively. The 11 survivors were discharged after a median
postoperative hospital stay of 14 days (range, 9-36 days).
Three patients required delayed sternal closure (mean, 28.1
 18.3 hours) because of unfavorable postbypass hemody-
namics. Two of them had pulmonary hypertensive crises
and positive postoperative bacterial cultures. All 3 recov-
ered with treatment and were discharged after 13 to 36 days.
Other morbidities in the immediate postoperative period
included low cardiac output state (n  5), arrhythmias (n 
4), and persistent lung infection (n  6). There were no
instances of wound infection or mediastinitis. Echocardiog-
TABLE 1. Clinical details and outcomes of individual patie
Patient
no.
Age
(mo)
Weight
(kg) Diagnosis
Blood
culture
Low
Pa
(mm
1 2 3 VSD GNB
2 4 2.6 VSD GNB
3 6 4 VSD Staph
4 3 4 VSD GNB
5 6 4.5 VSD NG
6 1 3.4 VSD GNB
7 1 3.7 VSD GNB
8 2 2.5 VSD NG 1
9 8 3.8 VSD NG
10 1.5 3.5 VSD NG
11 5 5.1 VSD NG
12 2 3.75 VSD NG
13 8 2.2 VSD GNB, Strep
14 2 3.6 VSD Not done
15 1.5 2.4 VSD NG
16 0.3 1.8 VSD Not done
17 5 2.9 VSD Not done Not
18 4 4.4 Multiple
apical
muscular
VSDs
GNB 
Staph
VSD, Ventricular septal defect; GNB, gram-negative bacilli; Staph, Sta
Streptococcus fecalis; VF, ventricular fibrillation; PAB, pulmonary artery braphy at discharge showed no significant residual lesions
The Journal of Thoracicand a reduction in pulmonary artery pressure to less than
half of the systemic value in all patients.
Hospital Course of Unoperated Patients
Six patients did not undergo repair (Figure 1 and Table 1,
patients 13-18). Four could not be stabilized and died within
a few hours of hospitalization (Table 1, patients 14-17). All
4 had extensive pneumonia and severe congestive cardiac
failure, and all required immediate intubation for respiratory
arrest at admission. One patient, who died after 8 days of
mechanical ventilation, was an 8-month-old, profoundly
malnourished child (2.2 kg; z score, 6.4) with a large
VSD, gastroenteritis, and bacterial sepsis (Table 2, patient
13). The lone survivor among the group was a 4-month-old
patient with multiple muscular VSDs who was extubated
successfully after 10 days, discharged, and then underwent
placement of a pulmonary artery band 3 months later (Table
1, patient 18). The outcome of all 18 patients is summarized
Maximum
PaCO2
(mm Hg)
Duration of
ventilation
(d) Operation Outcome
65 7 VSD closure Discharged
65 14 VSD closure Discharged
60 4 VSD closure Discharged
60 15 VSD closure Discharged
58 6 VSD closure Discharged
63 16 VSD closure Discharged
61 6 VSD closure Discharged
45 1 VSD closure Death after
prolonged CPB
97 8 VSD closure Discharged
40 7 VSD closure Discharged
77 3 VSD closure Discharged
83 1 VSD closure Discharged
49 8 No Death caused by
sepsis
151 1 No Death caused by
respiratory
failure
55 1 No Death caused by
respiratory
failure
47 1 No Death caused by
VF
Not done 1 No Death caused by
respiratory
failure
55 10 No Discharged (PAB
3 months later)
coccus aureus; NG, no growth; CPB, Cardiopulmonary bypass; Strep,
PVR, pulmonary vascular resistance.nts
est
O2
Hg)
91
68
49
48
35
30
34
03
73
83
73
82
66
49
46
98
done
83
phylo
and.in Figure 1.
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All 11 infants who survived surgical correction had post-
discharge follow-up between 1 and 24 months. Growth
assessments revealed evidence of catch-up growth, with a
mean weight gain of 2.85  0.93 kg in 3 months. Cardiac
evaluation by means of clinical examination and echocar-
diography revealed no shunt lesions and normal pulmonary
TABLE 2. Comparison of perioperative characteristics of
nonventilated patients undergoing elective VSD closure
Patient characteristics
Ventilate
(n 
Age (mo) 3.6 (2
Weight (kg) 3.6 (0
Weight z score 2.8 (1
Size of VSD (mm) 9.1 (3
Location of VSD Perimembra
subpulmo
posterior
in 1
Cardiopulmonary bypass time (min) 101 (3
Aortic crossclamp time (min) 54 (1
Postoperative mechanical ventilation (h) 100 (4
Postoperative ICU stay (d) 8 (4
Postoperative hospital stay (d) 14 (9
Postoperative weight gain in 3 mo (g) 2620 (9
All values with a normal distribution are expressed as mean (SD) and tho
VSD, Ventricular septal defect; ICU, intensive care unit; NS, not significan
*Two-sample t test.
**Wilcoxon rank sum test.
Figure 1. This flow chart summarizes the early outco
mechanical ventilation. Among unoperated patients
admission, and late refers to death later in the ICU cou
band.artery pressures. The patient who had a pulmonary artery
1470 The Journal of Thoracic and Cardiovascular Surgery ● Maband is symptom free 1 year after palliation, with reduction
in the size of the VSDs.
Comparison with Infants Undergoing Elective VSD
Closure
When compared with infants who underwent elective VSD
closures at our institution, this group of ventilated infants
tudy group (ventilated patients) with a control cohort of
ents Nonventilated patients
(n  12) P value
4.0 (1.5) NS*
3.8 (0.8) NS*
2.7 (1.0) NS*
8.2 (2.2) NS*
in 10,
n 1,
cular
Perimembranous in all NS
92 (21) NS*
45 (13) NS*
0) 24 (16–72) .001**
3 (2–6) .001**
8 (7–12) .001*
2440 (770) NS*
ith a wide range are expressed as median (range).
of study infants with VSDs and pneumonia requiring
died, early refers to death within 24 hours of ICU
This patient eventually underwent a pulmonary arterythe s
d pati
12)
.1)
.8)
.0)
.9)
nous
nic i
mus
2)
8)
2–24
–15)
–36)
50)
se w
t.me
who
rse. *had longer durations of mechanical ventilation, ICU stay,
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intraoperative support times.
Discussion
The clinical scenario of a cardiac lesion with a large left-
to-right shunt plus extensive respiratory infection in mal-
nourished infants is relatively common in the developing
world.16 These infants often present in critical condition and
require mechanical ventilatory support.
Treatment Options
For a sick ventilated infant with a large VSD and severe
pneumonia, one of the following 3 management strategies
could be pursued: (1) medical management and corrective
surgical intervention during the same hospitalization; (2)
medical management, hospital discharge, and, assuming
survival, subsequent elective surgical repair; or (3) medical
management and palliative surgical intervention with pul-
monary artery banding during the same hospitalization.
Many physicians in the developing world would favor
the second or third management strategy. Concerns about
subjecting critically ill infants with active lung infection to
CPB arise from fears of exacerbating lung inflammation and
unleashing the underlying infection because of immune
suppression.17,18 Complement, kinins, endotoxin, proin-
flammatory cytokines, tumor necrosis factor , and acti-
vated leukocytes and platelets are all presumed to mediate
lung injury and alter cellular and humoral immune re-
sponses that would exacerbate the pathology of a patient
with pneumonia.19,20
Preoperative mechanical ventilation has been identified
as an independent risk factor associated with a complicated
postoperative course.7 Pulmonary complications frequently
cause delayed recovery after cardiac surgery in young chil-
dren.6,21 The majority of centers in developing countries
have relatively limited human and material resources that
prevent them from adopting an aggressive policy of early
correction of heart defects in young infants, especially those
who are most compromised. The limited resources available
are often allocated to patients with the potential for better
outcomes.
We adopted a policy of early surgical correction (the first
strategy above) because we believed that prolonged at-
tempts to resolve completely preoperative respiratory infec-
tion would not be successful in the presence of significantly
increased pulmonary blood flow. This strategy was success-
ful in 11 of 12 infants who became candidates for corrective
cardiac surgery after admission. Among the 8 infants who
did not undergo surgical intervention during admission, 5
presented in an advanced state of illness, deteriorated rap-
idly, and died within hours. Only one infant (Table 1,
patient 18) was discharged without surgical intervention;
this patient subsequently underwent palliation with a pul-
The Journal of Thoracicmonary artery band instead of a corrective operation be-
cause she had multiple apical muscular VSDs.
In spite of relatively longer postoperative recovery times,
our overall results demonstrate the feasibility of corrective
cardiac surgery in these critically ill infants. This has im-
portant implications. Corrective surgical intervention can
salvage these infants from their critical illness. In addition,
corrective surgical intervention offers improved odds of
freedom from hospitalization from recurrent respiratory in-
fections, as well as early normalization of growth. Children
living far from the equator are placed at significant risk if
allowed to continue unrepaired into winter, when viral re-
spiratory infections are most common.
Postoperative recovery times for the group of ventilated
patients were significantly longer than in those undergoing
elective repair (Table 2). Delayed sternal closure, pulmo-
nary hypertensive crises, reintubation, and additional time
to recover lung function all contributed to prolonged post-
operative recovery time.
Corrective cardiac surgery on these critically ill children
creates a significant economic burden in the developing
world. Among the patients in this series who underwent
cardiac surgery, the average additional cost was 67% higher
than for elective operations for the same cardiac diagnosis,
primarily because of the prolonged postoperative recovery
time. Preoperative lung infection and mechanical ventila-
tion are well-recognized risk factors for higher costs in
congenital heart operations.22
The chief argument favoring a pulmonary artery band for
ventilated infants with VSD (the third strategy above) is the
avoidance of CPB. This potential advantage must be
weighed against both the challenge of determining the ap-
propriate tightness of a pulmonary artery band in the setting
of increased PVR from respiratory infection and the require-
ment of a future corrective operation. Although an interven-
tional catheterization to occlude selected muscular VSDs
would also avoid CPB, few infants would be acceptable
candidates.
Timing of the Corrective Operation
The decision on timing of the operation for these patients is
a critical one. We used simple clinical indicators to deter-
mine the patient’s fitness for cardiac surgery. These in-
cluded the absence of fever for more than 48 hours; im-
provement in total white blood cell counts, platelet counts,
or both; some reduction of lung infiltrates on chest radio-
graphs; and improvement in gas exchange. Complete reso-
lution of pneumonia on the chest radiograph was not an
absolute requirement (Figure 2). Serial bedside color Dopp-
ler echocardiography also played a significant role. Alveolar
hypoxia from lung infection contributes to transient increase
of PVR, resulting in bidirectional or right-to-left shunting
and Cardiovascular Surgery ● Volume 127, Number 5 1471
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predominant right-to-left shunting on color Doppler echo-
cardiography at the time of admission. In all 6, as lung
function improved, serial echocardiograms demonstrated a
change to left-to-right shunting. We believe that it is im-
portant for patients to revert to left-to-right shunting across
their defect or defects before proceeding to surgical repair.
Interestingly, 2 of these 6 patients had episodes of severe
pulmonary hypertension postoperatively, but these were all
successfully managed. None of the patients undergoing
operations had evidence of residual pulmonary hypertension
at discharge.
Study Limitations
This is a retrospective study, and it therefore has inherent
limitations. The number of infants we describe is small. No
randomized control group for the patients undergoing sur-
gical intervention exists. It would be difficult to perform a
prospective, randomized clinical study to determine the
optimal management strategy for these critically ill patients.
Although the feasibility of corrective surgical intervention
in this subset of infants is demonstrated here, management
of these patients is resource intensive, and not all centers in
the developing world are suitably equipped to pursue this
strategy. Only bacterial pathogens were assessed. Therefore
the approach we are recommending might not apply to all
patients with lower respiratory tract infections (eg, respira-
Figure 2. Typical chest radiograph of one of the study patients
just before surgical intervention. Complete resolution of lung
parenchymal shadows was not considered necessary before the
corrective operation.tory syncytial virus pneumonia).
1472 The Journal of Thoracic and Cardiovascular Surgery ● MaConclusions
This study demonstrates the feasibility of corrective cardiac
surgery in critically ill, mechanically ventilated, and mal-
nourished infants with large left-to-right shunts. In spite of
relatively high mortality, longer postoperative recovery
times, and higher costs compared with those of patients
undergoing elective repair, corrective cardiac surgery
should be considered at the earliest opportunity because it
might offer the best chance for a good outcome. Frequent
clinical evaluations and laboratory testing, along with serial
bedside echocardiograms, are useful for assessing the status
of cardiorespiratory function and identifying the earliest
appropriate time for surgical intervention.
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